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PREFACE

The RADC Post-Doctoral Program is a cooverative venture between
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State University of New Vork at Buffalo (Department of Flectrical
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Institute of Technoloqy (Devartment of Rlectrical Fngineering) , and
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also participate in the nrogram.
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doctorals splitting their time between the customer location and their
educational institutions. The program is totally customer-funded
with current projects being undertaken for Rome Air Develooment
Center (RADC), Space and Missile Systems Organization (SAMSD),
Aeronautical Systems Division (ASD) , Flectronic Svstems Division
(FSD) , Air Force Avionics Laboratory (AFAL), Foreion Technoloqy
Division (FID), Air Force Weapons Taboratorv (AFWL), Armament

Nevelooment and Test Center (ADTC) , Air Force Comrunications Service
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Federal Aviation Administration (FAA).

330-2543.

nrovided overall technical direction with assistance from

University of New York at Buffalo).

(AFCS) , Aerospace Defense Command (ADC), Hq 1JSAF, Defense Communications

Agency (DCA), Navy, Army, Aerospace Medical Division (AMD), and
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Center Post-Doctoral Program for the Compatability Technicques Section.
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CHAPTER I

INTRODUCTION

In a previous study [1,2,3], it was shown that certain in-band
higher-order nonlinear effects in a transistor amplifier can be reduced
by modifying its out-of-band linear or first-order response. In
particular, it was demonstrated that the third-order intermodulation
in the pass band produced by two signals whose frequencies are also
in the pass band can be eliminated by modifying the linear response
of the amplifier at two frequencies outside the pass band.

This report summarizes the extension of that study in two

directions. First, the extent to which this technique can be applied

to signals whose frequencies fall within certain ranges will be
investigated. Second, a study of the effects of the various transis-
tor nonlinearities on the required compensating networks will be
investigated.

The major part of this work is done in the mode of numerical
experimentation. This method is chosen primarily because of the fact
that the relationship which governs the effects of linear response
on the intermodulation is too complex to lend itself to theoretical
derivations. Even if the latter were feasible, it would still be !
desirable to ascertain in advance the likelihood of its success before
a major effort is launched to obtain general results. The numerical
result obtained here would also be helpful in guiding the laboratory

experimental work that is visualized in the future to verify the

applicability of this new approach to the problem of reducing the

distortion due to nonlinearities in active circuits. |




CHAPTER II

BROADBAND INTERMODULATION REDUCTION WITH

EMITTER RESISTANCE NONLINEARITY ONLY

2.1 The Amplifier

As the first numerical experimentation, the amplifier of
Figure 2.1 is used. This amplifier is a modification of the ampli-
fier used in Reference 1, 2, and 3.

The amplifier is a common-emitter amplifier with a tuned load
to produce a band-pass characteristic. Both the load resistor and
the source resistor, Rs and RL' are 75Q each. The transistor is a
Western Electric Type A2436 whose equivalent circuit is given in

Figure 2.2 and the circuit parameters are given below:

G - % 00 Fo ¢ = 0.5% 16 F
1 2
7, -12 1)
C3 =9,2 x 10 F rb = 13.6Q
r_ = 52000 = 0.992035

The emitter resistor (re) is assumed to be nonlinear and has the

voltage-current relationship

2 3
ie i ,(ebe) Y klebe ) kZebe i k3ebe

with

= 4.6189 ANV
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FIGURE 2.1.

A Common-Emitter Tuned Amplifier

Collector
o

Equivalent Circuit of the Transistor.
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The transistor is biased at the emitter current IE = 0.12A. We

assume

= 88.8941 A/V2

2
2!IEre
k =——-—1 = 1140.55 A/V3
3 2 3
31I_rx
E e

The load tuning circuit has

LL = 8.5262 nH

CL = 1.1884 nF

The linear gain of the amplifier is shown in Figure 2.3. It has a

3-dB bandwidth of 5 MHz centered at 50 MHz,

2.2 The Interference Problem

It is assumed that the amplifier described in Section 2.1 is
used as the RF amplifier in a receiver. It is further assumed that
the amplifier is used in conjunction with IF stages whose bandwidth
is 0.5 MHz. However, because of the band~spread effect of the third-
order intermodulation, the IF amplifier should be considered to have
an equivalent bandwidth of 1.5 MHz.

The interference problem is formulated as follows. The
frequencies of the two signals that cause the third-order intermodu-
lation are designated f. and f_,. They fall within the following

1 2

constraints (in MHz):
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47.5 < Ifll < 52.5
49.25 < I2f1 + £,| < 50.75
[fll, |f2| < 49.25
|f1|, lf2| > 50.75
Inequality /{2.1) states that one of the signals (fl) must fall within

the RF band. Inequality (2.2) states that the intermodulated signal

must occur in the IF band. Inequality (2.3) and (2.4) state that the

(2.1)

(2.2)

(2.3)

(2.4)

signal must occur outside the IF band. These inequalities are summarized

in the diagram of Figure 2.4. The signal frequency combinations that
satisfy all four inequalities simultaneously fall within the two solid
parallelograms (shaded).

The broadband intermodulation reduction problem is the investi-
gation of the level of reduction possible by linear response redesign
for all signals whose frequencies fall within these two shaded areas.

As the numerical experiment progressed, it became quite clear
that it is not necessary to exclude the center part of the parallelo-
gram (dashed) since every compensating network that reduces the inter-
modulation in the shaded region reduces the intermodulation in the
dashed region even more. Hence we shall cover the entire parallelogram

AKMX of Figure 2.4.

2.3 The Compensating Network
Although it has been shown in [l] that passive compensating

networks can be designed to eliminate entirely the intermodulation
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Fig, 2,4, Frequency combinations that produce
third-order intermodulation in the IF band.
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produced by two signals of known frequencies, it is not known how

f passive networks will serve the same purpose when the frequencies of
these signals are varied over certain ranges.or, equivalently, when
signals are present at many frequencies.

As the initial try, we chose the passive network to be located

between the collector and the base as shown as Y3 in Figure 2.5

Y3
L
N\N—
Rs
¥ LL C g RL Vc
s
FIGURE 2.5 Common-emitter amplifier with
a compensating network Y3.
]
] and let
2
s +a;s + a
Y3 = K 3 (2.5)
8 +b,s+b
1 [<]

The following are several reasons for these choices:

(1) This position for Y3 was found to be most

effective from the previous study.




the pass band of the amplifier.

(2)

(3)

(4)

4

The realizability condition and synthesis
techniques for the admittance of (2.5) is
well known and it includes numerous simpler
circuits as special cases of this admittance.
There are five coefficients in the expression
of (2.5) available as parameters for optimi-
zation. This should offer a good versatility
and at the same time not make the camputation
too complex.

The network for Y3 is of reasonable complexity
and yet offers some flexibility in its

characteristic.

It is further assumed, ideally, that Y3 = 0 for frequencies in

of the amplifier in the pass band will not be disturbed.

2.4

Relationship in the Equivalent Circuit of the Amplifier

The equivalent circuit of the amplifier of Figure 2.5 is shown

in Figure 2.6 in which the source has been replaced by its Norton's

equivalent.

Using the node designation as shown in Figure 2.6, the

admittance matrix is

[Y(s)]=

{—gs+scl+g +sC +Y

-gb

-sC_-Y

B reatry -9 =8C,~1,
Iptky+8C, +g ~aky ~9¢
-g_+ak g +g_+5C, 86 + —m 4y
3 S Ui i AN
9

_— M—_——_‘M

This is necessary so the linear response

2

(2.6)




&4

= i
]
Sy
i .
— G
Node Node
2w et
9% Node(® Ie 9. T
%gs 1 2 ;ql:‘: g &y g % J' %‘L

tll}

FIGURE 2.6. Equivalent Circuit of the Common-Emitter
Amplifier of Figure 2.5.
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As was derived in [1], if [Y] is unchanged in the pass band, then the

third-order intermodulation is proportional to

where:

P =

=
%13

Zn

%31

—

(a-l)[222(2f1) + 22__(£.+£.)1

22 1 2
393
- a[zz3(2f1) + 2223(f1+f2)] * — (2.7)
2g2
z12 213
=5 ]
Z2 233 = il :
232 233_J (2.8)

The quantity |P|2, with P given in (2.7), is the cost function that

is to be minimized according to the various criteria established for

the study.

2.5 The Optimization Program

The algorithm used in this experiment to minimize the third-
order intermodulation uses a modified Fletcher-Powell method. The

algorithm was originally developed for another Post-Doctoral Program

task [4].

minimize the cost function |P|2 with P given in (2.7) and Y3 given

in (2.5).

It is a constrained minimization algorithm modified to

The constraints are

ay 20 bO 20
a 20 K 20 (2.9)
bl 20

11




and

ab, 2 (Ya_ - /12)2 (2.10)

Ll

Constraint (2.10) is the condition under which Y3 will be positive-

real [5] and, therefore, realizable.

2.6 Third-Order Intermodulation of the Amplifier

For convenience, a series of points along the sides of the
parallelogram of combinations of f1 and f2 of Figure 2.4 are chosen.
Effort is then expended to reduce the third-order intermodulation
along these sides. It is presumed, and later verified, that when
intermodulation is reduced along the border of the parallelogram, the
intermodulation is reduced by a larger amount in the interior of the
parallelogram. Hence, we only need be concerned with the performance
of the compensating network along this border. The point designation
of these points is given in Figure 2.4 and their corresponding fre-
quency combinations tabulated in Table 2.1. Table 2.1 also gives the
third-ordexr transfer function H3(fl,f1,f2) of the original amplifier
without the compensation network. It is this function that we are

striving to reduce in this study.

2:7 Maximum Average Reduction at the Four Vertexes of the Parallelogram
The first criterion used in the optimization algorithm is to

reduce the average third-order intermodulation at the four vertexes of

the parallelogram of Figure 2.4. The constrained optimization algos

rithm is applied to the five variables of Y, of (2.5) such that the

3
sum of the cost function fsz at the four points, A, K, M, and X of

12




POINT

TABLE 2.1

FREQUENCY COMBINATION AND THIRD-ORDER

INTERMODULATION OF THE TRANSISTOR AMPLIFIER

fl(MHz)

® T < g H WO YW Z RER GOHITNOMMEB U O D M

v

52.5
52.0
51.5
51.0
50.5
50.0
49.5
49.0
48.5
48.0
47.5
47.5
47.5
48.0
48.5
49.0
49.5
50.0
50.5
51.0
51.5
52.0
52.5
52.5

f2 (MHZz)

-55.75
~54.75
=53.75
=52.75
-51.75
-50.75
~-49.75
-48.75
-47.75
-46.75
-45.75
-45.00
-44.25
-45,25
-46.25
-47.25
-48.25
-49,25
-50.25
-51.25
-52.25
-53.25
-54.25
-55.0

13

2f1+f2(MHz)

3
H3(f1'f1'f2)(v/v )

49.25
49.25
49.25
49.25
49.25
49.25
49.25
49.25
49,25
49,25
49.25
50.00
50.75
50.75
50.75
50.75
50.75
50.75
50.75
50.75
50.75
50.75
50.75
50.00

0.38705 /-17.30°

0.34568 /-17.53°
0.28230 /-19.87°
0.20143 /-27.07°
0.12039 /-44.38°
0.06460 /-74.54°
0.05253 /-89.26°
0.11495 /-92.68°
0.24147 /-103.59°
0.39108 /-110.52°
0.53420 /-113.92°
0.55480 /-137.47°
0.51888 /-159.13°

0.40178 /-157.82°

0.27691 /-152.42°
0.16379 /-137.80°

0.08718 /-107.14°

0.05469 /-72,83°

0.07258 /-77.33°
0.15714 /-75.11°
0.26063 /-68.35°
0.34729 /-64.06°
0.40674 /-61.78°
0.41753 /-39.38°
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Figure 2.4 is minimum. The optimization scheme gives

0.054428

~
L}

286.75 x 10/

W
n

146.157 x 1014

o
]

o
(]

4.23085 x 107

127.046 x 1014 (2.11)

o
]

The network to furnish an Y3 with these coefficients is obtained by

Foster's Preamble (6] and is given in Figure 2.7.

7.0164 nH  0.29211Q

O— N AN
vy § 19.8240 12,243 nF —— 131.4979
’1-\
€

FIGURE 2.7. Network to Give the Admittance
of (2.5) with Coefficients Given
in (2.11).
The amount of reduction along the border of the parallelogram obtained
from this compensating network is tabulated in Table 2,2. If we take
the ratio of the sums of the cost function |P|2 at the four vertexes
without Y3 and those with the optimum Y3, it is equal to 15.73 which

corresponds to an average reduction of 11.97 GB. The relative value

of |H3[ along the parallelogram is shown in Figure 2.8.

14




TABLE 2.2
RELATIVE COST FUNCTIONS OBTAINED BY

MAXIMIZING THE AVERAGE REDUCTION AT THE FOUR VERTEXES *

COST FUNCTION THIRD-ORDER
COST FUNCTION |P|2 wiTH ¥, INTERMODULA-
POINT |p|2 wiTHOUT COEFF ICIENTS TION REDUCTION
Y, OF (2.11) dB
A* 0.22064 0.03241 8.39
B 0.23723 0.023939 9.96
e 0.25367 0.016911 11.76
D 0.26907 0.012145 13.46
E 0.28238 0.010407 14.34
F 0.29247 0.011297 14.13
e 0.29841 0.011555 14.12
H 0.29960 0.007645 15.93
- 0.29599 0.003011 19.93
J 0.28804 0.002330 20.92
K* 0.27661 0.005774 16.80
1, 0.25507 0.003859 18.20
M* 0.23146 0.002290 20.05
N 0.24715 0.000628 25.95
P 0.26240 0.000083 35.02
Q 0.27630 0.000805 25.36
R 0.28778 0.004071 18.50 ‘;
s 0.29578 0.011620 14.06
T 0.29944 0.02205 11.33
U 0.29830 0.02749 10.36
v 0.29241 0.025130 10.66
W 0.28236 0.022145 11.06
X* 0.26909 0.023045 10.67
Y 0.24554 0.025789 9.79

*
Vertexes of the frequency parallelogram of Figure 2.4,
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Under this criterion, the average reduction in the frequency
band of interest is obtained by selecting a larger number of points
throughout the parallelogram and then summing up the cost functions at

these points. The approximate reduction is then obtained by comparing

this sum to the sum of the cost functions when Y3 is absent. This

approximate reduction is found to be 13.51 dB.

2.8 Maximum Average Reduction Along the Border
The second criterion used is to maximize the average reduction
along the border of the parallelogram. This is done by minimizing
1 the sum of the cost functions at the 24 points, A-Y, chosen along the

border as indicated in Figure 2.4, The resulting optimum network

function coefficients are

K = 0.05
a, = 340 x 107
ao = 100 x 1014
7
bl = 0.1 x 10
bo = 120 x lO14 (2.12)

The network that gives these coefficients is shown in Figure 2.9.

16.663 nF
o— [ | ¢ AN~

il

0.00250

; 5.001 nH

3 i 24Q 120.00 ?
I

FIGURE 2.9, Network To Give Y3 of (2.5)
With Coefficients Given in
(2.12) .
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The distribution of the reduction of third-order intermodulation is
tabulated in Table 2.3 and plotted in Figure 2.10. For this criterion,

the average reduction is approximately 14.13 dB along the border.

2.9 Maximum-Minimum Reduction Along the Border
The third criterion chosen is to find the coefficients of Ya
of (2.5) such that the minimum reduction along the border of the

frequency parallelogram is maximum. These coefficients are found

to be:

K = 0.05

a, = 360 x 107

100 x 1014

]
L[}

= 0.1x 107

o
|

195 x 104

o
(]

The distribution of the reduction along the border is tabulated in
Table 2.4 and plotted in Figure 2.11. Under this criterion, the
minimum reduction of 9.73 dB occurs at point K. The average reduction
throughout the parallelogram is found to bz approximately 12.97 dB.

To realize Y3 with coefficients given in (2.13), Foster's
Preamble is no longer adequate. One method of realizing these co-

efficients is the Bott-Duffin method [6]. The network realized by

this method is given in Figure 2.12.

2.10 Minimum Maximum |H3[
The three criteria used so far all dealt with the reduction at

the various points relative to the third-order intermodulation at those

18
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MAXIMIZING THE AVERAGE REDUCTION ALONG THE BORDER

TABLE 2.3

RELATIVE COST FUNCTIONS OBTAINED BY

COST FUNCTION

Bt

WITHOUT

b

0.22064
0.23723
0.25367
0.26907
0.28238
0.29247
0.29841
0.29960
0.29599
0.28804
0.27661
0.25507
0.23146
0.24715
0.26240
0.27630
0.28778
0.29578
0.29944
0.29830
0.29241
0.28236
0.26909
0.24554

19

COST FUNCTION

[P|2 WITH Y4

COEFF ICTENTS
OF (2.12)

0.027614
0.019195
0.011941
0.006648
0.004256
0.005409
0.008142
0.007003
0.006194
0.010286
0.018356
0.012988
0.008532
0.003933
0.001450
0.000397
0.001540
0.007515
0.019607
0.024406
0.017577
0.013858
0.015944
0.020511

THIRD-ORDER

INTERMODULA~

TION REDUCTION
dB

9.03
10.92
13.27
16.07
18.21
17.33
15.64
le.31
16.80
14.47
11.78
12.93
14.33
17.98
22.58
28.43
22.72
15.95
11.83
10.87
12.21
13.09
12,27
10.78
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TABLE 2.4

RELATIVE COST FUNCTIONS OBTAINED BY

MAXIMIZING THE MINIMUM REDUCTION ALONG THE BORDER

21

COST FUNCTION
COST FUNCTION |B|2 witH ¥4
| |p|2 wiTHOUT COEFFICIENTS
z POINT Y, OF (2.13)
A 0.22064 0.023016
B 0.23723 0.015194
c 0.25367 0.008892
D 0.26907 0.005004
E 0.28238 0.004459
F 0.29247 0.007504
¢ 0.29841 0.011794
H 0.29960 0.012312
I 0.29599 0.014645
J 0.28804 0.019908
K 0.27661 0.029411
L 0.25507 0.020925
¥ 0.23146 0.013915
N 0.24715 0.007924
P 0.26240 0.004743
Q 0.27630 0.003859
R 0.28778 0.006344
s 0.29578 0.014414
T 0.29944 0.026482
U 0.29830 0.029887
v 0.29241 0.021631
W 0.28236 0.014538
X 0.26909 0.013561
Y 0.24554 0.016147

THIRD-ORDER
INTERMODULA-
TION REDUCTION

dB

9.82
11.94
14.55
17.31
18.02
15.91
14.03
13.52
13.06
11.60

9.73
10.86
12,21
14.94
17.43
18.55
16.57
13.12
10.53

999
11.31
12.88
12.98
11.82

‘ ,,_,,____J



*pazJWEXEW ST 19p10q 2yl SUOTE UOFIONPII WRWTUTW 2yl usya wex8orayreaEd
J0 12pioq ay3 SuoTe SUOF3IODUNJ ISJSUBII 19PIO-PITYI SATIBTAE ‘TI°'C *813

Axusnbaiy aya

wod 3INOYITIM

uofiesuad

Bl R
| |
'




!

88.6632uH
20.4913 nF ——
51.43920
1.05242 pF 108.174uH
Py
161.3210
<
|

FIGURE 2,12,

Network to Give Y3 of (2.5) with
Coefficients Given in (2.13),
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respective points. The fourth criterion used is to reduce the

absolute value of |H3| so that the maximum |H3l after compensation

is made minimum. In carrying out this computation, before comparing

the relative cost functions, each reference cost function is preadjusted

to reflect this difference. Thus, the same algorithm is used to

obtain the network function coefficients until the maximum ratio of

the cost functions with Y3 present and without Y3 is made minimum. The

coefficients for Yz to achieve this reduction are:

K = 0.05
a1 = 300 x 10.7
5 = 100 x 100
0
7
b, =0.2x 10
b, = 210 x 10" (2.14)

The result is tabulated in Table 2.5 and plotted in Figure 2.13. 1In
this case, the highest reduction of |H3l with respect to the maximum
!H3, that occurs in the band of interest is 13.06 dB which occurs at
Point L.

To obtain the network for this Yo Bott-Duffin method will
also have to be used. The network will be exactly like that of

Figure 2.12 with the element values slightly altered.

2.11 Addition of Yl

The third-order intermodulation reduction rendered by Y3

above is rather modest when Y3 only is employed. In order to further

24
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TABLE 2.5

EQUIVALENT RELATIVE COST FUNCTIONS OBTAINED

BY MINIMIZING THE MAXIMUM [H3|

EQUIVALENT
COST FUNCTION
P2 WITHOUT

-

0.45333
0.61106
0.97977
2.0413
5.9967
21.572
33.282
6.9788
1.5625
0.57969
0.29835
0.25507
0.26462
0.47126
1.0533
3.1699
11.654
30.434
17.494
3.7185
1.3250
0.72061
0.50064
0.43353

25

COST FUNCTION
P 2 WITH Y,

COEFFICIENTS
OF (2.14)

0.022179
0.014949
0.010224
0.009145
0.012181
0.017275
0.018416
0.012008
0.005458
0.006287
0.014406
0.012623
0.009798
0.004591
0.001317
0.000530
0.004477
0.015743
0.031568
0.039710
0.034309
0.024807
0.019561
0.017197

THIRD-ORDER
INTERMODULA~
TION REDUCTION

dB

13.10
16.12
19.82
23.49
26.92
30.96
32.57
27.64
24.57
19.65
13.16
13.06
14.32
20.11
29.03
37.76
34.1¢6
32.86
27.44
19.72
15.87
14.63
14.08
14.02
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enhance this reduction, several other schemes were tried. The first

of these is to employ an additional admittance Y, as shown in Figure

oL

2.14. The analytical form of Y, is assumed a priori to be identical

i
to the Y of (2.5). It is also assumed that Y, = O for frequencies

3 il
inside the pass band. Thus, there are ten variables available for
optimization. The same modified Fletcher-Powell optimization algo-
rithm is again employed to find the variables to give the highest
reduction under various criteria.
It was found under each of the criteria used, the addition
of Y1 only gives a very slight improvement in the reduction of

intermodulation. The additional reduction is in the order of 1 to

2 dB. From practical point of view, this reduction is insignificant.

FIGURE 2.14. Amplifier With Two Compensating
Networks, Yl and Y3.
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2.12 Two Separate Networks for High-Frequency and Low~Frequency
Compensation
Since the third-order intermodulation is a function of the
second-order intermodulation and since the latter has frequencies

at 2f. and f_+f

1 1o the campensation of our scheme takes place at both

high-frequencies, 2f1, ancd low-frequencies, f1+f2. If the compen-
sating networks are allowed to be adjusted independently in these
two ranges, it is possible that wide-band reduction of the third-
order intermodulation can be increased over the case when the same
compensating network must serve both frequency ranges.

In the second scheme in our attempt to increase the nonlinearity
reduction, each network, Yl or Y3, is assumed to be made up of two
independent subnetworks, each is only effective in either the high-
frequency range or the low-frequency range. Thus the high~frequency

part of Y_ is connected in series with an impedance that is very

3
high from dc to just above the pass band (say, 70 MHz)--the high-pass

(HP) network. Likewise, the low-frequency network part of Y3 is
connected in series with an impedance that is very high for frequencies
that is in the pass band or above--the low-pass (LP) network. This
arrangement is depicted in Figure 2.15. Thus, 20 variables are
adjustable and made to be the components of the design parameters of
the optimization algorithm,

When this scheme is attempted, a slight increase in thirde
order intermodulation reduction is achieved. This reduction is in
the order of 4 to 5 dB. This additional reduction is again judged
to be very small considering the additional physical components

required to implement these compensating networks.

28
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2.13 The

At

function (2.5) does not give substantial wide-band nonlinearity reduc-

Search for an Idealized Compensating Network

this point, it is quite clear that the assumed admittance

tion. A different admittance is obviously required if a larger

reduction
mittances

practical

across the band is ever to be achieved. However, for ad-
more complicated than the second order, it is no longer

to assume the admittance function in a generzl form for

two reasons:

(1)

(2)

The realizability conditions, although well
known, cannot be implemented easily by any
simple algorithm.

The network realizing a high-order admittance,
can be extremely complex as to result in ex-
tremely impractical compensating networks.
The impracticalness could take any one or

more of the following forms:

(a) The network would be too costly
to construct.
(b) The network would be too compli-
cated to tune, adjust, and calibrate.
(¢) The parasitics unaccounted for in the

realization process will make the ad-

mittance of a large network quite

different from the computed admittance.

30
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There appears to be two re-courses to find more complex
compensating networks to achieve further reduction. One of these
is to assume specific networks a priori. In doing this, the only
constraints we have would be that all element values be positive.
The other alternative would be to search for the required admittance
values point-by-point throughout the band. We know from previous
studies that this is possible. Once this is known, we can then try
to approximate these admittance values by a finite passive network.
Since this second scheme appears to be more promising and the pro-
cedure is more concrete, we have adopted this scheme.

After considerable computational effort, it was found that
the desired admittances should have the variations shown as solid
curves in Figure 2.16. These admittances will enable us to achieve
an across-the-band reduction of 40 dB or mcre which would be considered
very satisfactory.

Two of these four admittances can be approximated by fairly
simple networks. The circuit of Figure 2.17 (a) is designed to have
exactly the values given in Figure 2.16 (a) at the two end points--
95 MHz and 105 MHz. The shapes of the admittance curves of this
circuit are almost straight lines in this range. These curves are
shown as cdashed curves in Figure 2.16 (a). Other approximation
criteria can be applied to give other forms of approximation if
desired.

The admittance of Figure 2.16(d) may be approximated by a
simple RC parallel combination as shown irn Figure 217 (b). The
admittance of this circuit is shown in Figure 2.16(d) as dashed

curves.
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47.86 nH

12.78 nii — 0.,2196 nF

i

(a) (b)

FIGURE 2.17. Networks With Admittances Approximating
Those of Figure 2.16(a) and (d).
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The two admittances shown in Figure 2.16(b) and (c), which are
necessary to produce the satisfactory level of reduction, is very
difficult, if not impossible, to realize. Numerous methods have been
tried and only very poor approximations have been obtained. These poor
approximations give inferior performance to the broad-band nonlinearity
reduction produced by using the assumed admittance of (2.5) for all

four impedances, Y AT S

1 hi ¢+ Y3 pgr and Y,

1 1o lo

2.14 Conclusions and Conjectures

The numerical experimentation summarized in this Chapter was
carried out to obtain an indication of how effective the passive com-
pensation scheme that was successfully done for a single frequency
combination, can be extended to a combination of ranges of frequency.
Several tentative conclusions have been drawn from the result of this
experiment.

One of the most important conjectures that is part of the con-
clusion of this experiment is that the complexity of the passive
compensating network does not contribute to the reduction of third-
crder intermodulation. In many cases, the addition of new network
elements assume extreme values thus reverting the assumed network to

the simpler configuration that was in place originally. Although this

conclusion has not been analytically and conclusively proved, the
evidence is highly suggestive of this conjecture. Since this conjecture
would be extremely difficult to prove analytically and since it would
not be very benefical even if this proof has been done, it was decided
to let this conjecture stand on the basis that numerical experimental

evidence tends to support it.
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One of the reasons that could explain why most cf the required

wide-band Y, and Y_ are not all realizable is that in compensating the

1 3

third-order intermodulation at 2f1+f2, we are attempting to redesign

the amplifier circuit in frequency ranges that cover 2£1 and f1+f2.

In both of these two ranges, we are attempting to nullify the second-
order responses. The second-order terms are typically the products

or squares of first-order responses. Hence, we need to produce driving-
point admittances that are the products or squares of passive driving-
point or transfer functions. This is usually difficult to accomplish
except for very narrow band applications. In our example, 2f1ranges
from 95 to 105 MHz and can be considered a narrow-band realization.
However, fl+f2 ranges fram 0.75 to 3.25 MHz which is over two octaves
wide and cannot be regarded as a narrow-band situation. This seems to
have led to the non-realizability of Yl and Y3 in this range in Section
2.13.

Another conclusion that we have arrived at in the numerical
experiment in the wide-banding effort concerns the use of the optimi-
zation algorithm. Although the algorithm developed in [1] and adopted
for our current project worked well in arriving at the local minimum
very rapidly and accurately, much of its success depends on the
location of the starting point. In most of the effort in this
chapter, ifrequently more effort was expended in searching for a
reasonable starting point than to arrive at the accurate local minimum,
For practical purposes, if the approximate valid starting point is

known, the problem is almost solved. The optimization algorithm

frequently only gives an improvement in the design vector elements
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in the second or third significant figures.

In the course of the research of this chapter, as we progressed
in our work, the camnputational effort gradually shifted from automatic
optimization technique to systematic search routines. The latter sim-
ply involves a large amount of repetitive computation of certain cost
function and the latter is gradually reduced by a combination of
automatic search and man-machine interactive algorithm. This mode
of computation is used almost exclusively in the effort that is to

follow.
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CHAPTER III
MEDIUM TO NARROW BAND INTERMODUTATION REDUCTION

WITH EMITTER RESISTANCE NONLINEARITY ONLY

3.1 Introduction

Based on the result obtained in Chapter II, it was observed
that the technique of using passive compensating network to reduce
third-order intermodulation was not particularly suited for wide-
band applications. Since we are dealing with compensating networks
that are themselves frequency sensitive, it should not be surprising
that unless the required frequency behavior of the networks agree
with the required frequency variation, the compensation is not likely
to be effective over the frequency range in question. This fact was
borne out in the search for the wide-band compensating network in
Chapter II.

We shall now turn our attention to medium- and narrow-band
applications. One purpose of this investigation is to ascertain, for
a particular assumed amplifier, what is the bandwidth within which
the passive compensating network would be effective. Another purpose
is to determine the trade-off between bandwidth and the third-order

intermcdulation reduction.

3.2 The Frequency Specification

The same amplifier used in Chapter II will again be used in
this chapter. However, since the frequency range assigned in Chapter
II turned out to be too ambitious, several modifications are made in

this study.




First, the two signals that join to produce the third-order
intermodulation must both fall within the RF band. In other words,

in addition to (2.1) we further require that

47.5 < |£,| < 52.5 (3.1)

The trippling effect of the IF bandwidth is removed. In other words,

inequality (2.2) is replaced by

49.75 < |2f1 + £,| < 50,25 (3.2)

The new frequency region of interest, as compared tc that considered in
Chapter II, is depicted in Figure 3.1.

In addition to the reduction in bandwidth, the compensation net-
work employed in this study will be as simple as possible. In all cases,
the low-frequency admittance (Yl 1o and Y3 lo) will always be a simple
conductance. The high-frequency admittance will be that of an RL or an
RC parallel combination. There are two reasons for this choice. One
of them is that our experience gained in Chapter II indicates that the
complexity of the passive network contributes little to the reduction
of nonlinear effects. The other is that since we are primarily dealing
with narrow-band phenomena here, the admittances need not vary to any

great extent to produce adequate compensation.

3.3, Bandwidth and Reduction Trade-off
As a first investigation here, the bandwidth of !fl[ and ,le
are altered. For each chosen bandwidth a search is made to find the

optimum network parameters. The resultant reduction is then tabulated.
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Eipge 3¢2. Frequency regions used in the study of
bandwidth and reduction trade-off,
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The frequency ranges for fl and fz are chosen to be centered at

f_ = 48,8125 and f., =-47.625. This is also the center of that part of

1 2
the parallelogram of Figure 3.1 that lies between f2 = -47.5 and fz =

~47.75. That part is another parallelogram and is depicted in Figure

3.2. The bandwidth for fl and f2 are assumed to be equal.

The compensating networks used in this study include Y3 only.

is furnished by a RL parallel combination and Y3 e is furnished

by a single resistance. The arrangement is shown in Figure 3.3.

Y3 hi

In each search, the maximum-minimum~reduction criteria is used.
The result of this study is summarized in Table 3.1. As seen from
this study, there exists definitely a trade-off between the amount of
reduction and the bandwidth covered in a particular assumed Zrequency

spread of the interferring signals.

Rl
[}
LA
B L3 hi
G
s T
5, o,
-
1 & LL :: CL RL

Fig. 3.3. Amplifier with two compensating networks, one of ecach frequency range.
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Table 3.1. Calculated Bandwidth and Reduction Trade-Off

Compensating Minimum
Bandwidth for Network Parameters Reduction
£, el g, R3 ni(e) L3 hi (nm) R3 10(0) 25,48
0.001 17525 6.039 2.952 75.34
0.01 17.85 6.002 3.651 55.78
0.05 17.71 5.773 1.653 45.43
0.10 18.06 5.883 3.015 39.28
0.15 17.23 5.676 3.317 34.11
0.20 17.35 5.778 2.963 33.76
0.25 17.81 5.992 2.150 33.15
Entire Parallelo-
gram of Figure 17.70 5.756 1.875 32.10

3.2
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3.4. Third-Order Intermodulation Reduction Achievable Using Two

Compensating Networks

The frequency region of interest in this chapter is redrawn
in Figure 3.4. Numeral designations of key points are used here.

In this study, we shall assume a fixed bandwidth of 0.5 MHz for
fz. The range of this bandwidth is then varied from one end of the
parallelogram to the other. The corresponding range of fl is taken to
be all the frequencies that will combine with f2 to give a third-order

intermodulation that falls within the pass band of the IF stages. For

example, in the first step of this study, we assume

47.5 < [£,| < 47.75 (3.3)
and

49.75 < |2£) + £,| < 50.25 (3.4)

Inequalities (3.3) and (3.4) include the region of the f. and f2 combina-

1
tion bound by the parallelogram 1-2-3-4 of Figure 3.4

In Figure 3.4, the parallelogram bound by 16~19-27-24 can be
excluded from the study since the signals themselves will fall within
the IF band and, their first-order effects will be much more problematic
than their higher-order effects. For this reason, this region is
largely by-passed in this study.

The compensating network used is the same as that shown in
Figure 3.3.

The result of this study is summarized in Table 3.2.

It is seen from this study that on one side of the center of the

parallelogram, approximately the same degree of reduction is achievable
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Fig. 3.4. Frequency combinations of f;éint.
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Table 3.2

Minimum
Points of |£,] (Hz) R3 ni (@) L3 ni (nH) R3 10 ((9)) Reduction
Vertexes in dB
1-4 47.5-47.75 17.7 5.756 1.875 32.1
3-6 47.75-48.0 20.12 5.798 1,544 32.0
5-8 48.0-48.25 21,01 5.717 1.401 3255
7-10 48.25-48.5 20.65 5.577 1.307 31.0
9=12 48,5-48.75 23,32 5.598 1.011 31.89
11-14 48,.75-49.0 26.18 5.676 0.358 32,97
13-16 49.0-49.25 28.77 5.622 0.338 32.67
15-18 49.25-49,50 40.04 5,644 0.833 33,01
17-20 49.50-49.75 45,05 5,687 0.198 33.44
25-28 50.5-50.75 © 5.761 0 32,64
27-30 50.75-51.0 © 5.785 0 28.74
29-32 51.0-51.25 © 5.818 0 26,00
31-34 Jke25=515 © 5.846 0 23.87
33-36 51.5-51.75 © 5.871 0 22,14
35-38 51.75-52.0 ® 5.890 0 20.67
37-~40 52.,0-52.25 o 5.904 0 19.39
39-~42 52,25-52,5 © 5.903 0 18.26
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throughout the region for the same frequency spread. As the frequency
of |£2! is moved to below the center region, the two resistance values
approach their limiting values of zero. The reduction begins to
diminish. Hence, a slightly more complicated network will have to be

used to achieve a comparable reduction for the rest of the parallelogram.

3.5. Third-Order Intermodulation Reduction Achievable Using Four
Compensating Networks
The same study carried out in Section 3.3 is repeated here except

that Yl is added to the compensating networks as shown in Figure 3.5.

L3 ni
HP (AT
IRpes)
r e
NNVN
Ry ni
B ] AAA )
Lp Raide

$
Zs

B

R
108, 4 ne

or
i Uy ng

Fig. 3.5. 2amplifier with four compensating networks.
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The result of this study is summarized in Table 3.3.

It is seen from this result that throughout the top half of the

parallelogram, the amount of reduction increased only slightly when Y1

is added to the network. However, throughout the bottom half, the

reduction is greatly increased by its addition--to about the same level

as the top half.
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CHAPTER IV

OTHER TRANSISTOR NONLINEARITIES

4.1. Introduction

So far, we have examined the reduction of third-order inter-
modulaticn in a transistor due to its nonlinearity in the emitter
resistance only. This was done primarily for two reasons. First, in
most transistors, the nonlinear effects due to this resistance are the
deminant ones. The other reason is to simplify the computation effort
so that the effectiveness of the compensation networks can be more
easily assessed.

In a practical situation, nonlinearities other than that in the
emitter resistance, cannot be totally ignored. We shall presently

discuss the inclusion of other nonlinearities.

4.2 Transistor Nonlinearities
The modelling of transistor nonlinearities suitable for inter-
ference study has been well explored [7,8,9]. The general incremental
model of a transistor is shown in the dashed box of Figure 4.1. In
this circuit the following nonlinearities are included:
(1) Nonlinear emitter resistance effect is repre-
sented by k(vz). This is the only nonlinear
effect that was included in the study of
Chapters II and III. 1
(2) Nonlinear emitter capacitance effect is
represented by ye(vz).
(3) Nonlinear collector capacitance effect is

represented by YC(V3 - Vvy.
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T s -

Fig. 4.1. Amplifier circuit with transistor equivalent
circuit including all known nonlinearities.

53




(4) The nonlinearity associated with hFE and the

avalanche nonlinearity are represented by
g(vzl V3 = Vl) .
A set of formulas have been derived in [9] for the analysis of

the common-emitter amplifier circuit at hand. The pertinent formulas

needed for analysis of the circuit through the third-order intermodulation

are listed below.

For k(vé):

.l
ky = % (4.2)
K, = —— (4.3)
2I_r
E”e
. 1
ky = 512r3 (4.4)
E e
For Ye(VZ) nonlinearity,
Yie C2 (4.5)
= 2 ctk (4.6)
Y 2 ‘a2 X
Yo S SR (4.7
3e 3 a2

where Cé is that component of C2 that relates the diffusion capacitance

to emitter current.

For Yc(v3 - vz) nonlinearity

Yie © Clc (8
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> H C o
¥ - B % &= (e (4.9)
2c  21(¢ VCB) c ZVCB c

¥y, = =2t o, Ml (4.10)
2 v 9 BTy 20E
CcB cB

where p = % anc ¢ is the barrier voltage.

For the g(vz, v3 - vl) + we have the following series of formulas:

h
R = FE‘“’”‘I (4.11)
l+a log (I £ )
Cmax
T ¥ I (4.12)
GC +h_ E

I

i 2, e SR
b1 = hFEmax + a log™( - ) + 2a Log(I e )log ¢  (4.13)
Cmax Cmax




3 2 2V 2
B
C 2VCB
P Emax
d, =+
1 b1
2
F e bthEmax
2 b3
1
2
Gahs 3[2b2 - blb3]
3 hFEmax 5
b1

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)

The node equations that govern the relationship of this amplifier

is Equation (4.23) which is given on the following page, where YL is the

combined admittance of KL' CL, and LL in parallel.

Denoting the first three orders of nonlinear transfer functions

at node 1 to be

Al(fl), Az(fl'fz)' A3(f1,f2,f3) .
those at node 2 to be

Bl(fl)' Bz(fl'fz)' B3(f1,f2,f3)
and *hose at node 3 to be

cl(fl)' CLlE. 5., C3(f1'f2'f3)

2 1.2

We have for the first order
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‘?3%

Al(fl) 9.
o -1
Bl(fl) = [Y(j21rf1)] 0
cl(fl) 0 (4.24)

For higher order analysis, it is expedient to use the following

intermediate variables

252
L., =+~k, - 572e+ d mokz + d2mok1

12 2 1

2 3.3
= - - +
L k sy3e dlmok3 + 2d2m°klk2 + d3m°k1

22 3

L32 5 SY2c
Bas = 8%y
212
Lgy = 6 Rem, + d L,y
L62 = dlmlkl + 2d21Em°mlk1
2 33
L72 = dlIEm3 + ZdZIEmlm2 + d3IEm1
L =dmk. + 2d. I mkm_ + 24.1 mzk
82 1 271 2Eo 1l 2 ) s IS |
L =dmk,_ 4+ 2d. I mmnmk_ + 2dm kzm
A T 2Eo 12 2o0l1l
Bay = SSas = % * S
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where:

L, = -L
baa ™ "y
Leas ™ Lyo
Bgs ™ Thes
Bes = e
B St
Bgs = “lgs
Bgs = Log-

The second-order transfer functions are given by

Az(fl'fz)

B, (f, £

L R

C2(fl,f2)

~

I22(f

+ Lgy[Cy (£) Ay (£1)11C, (£,)-A, (£)] + L,{[C (£))-A) (£1)1B (£}

1I

fz) =L

. 1 -1
[Y(jarm (f1+~2) )]

B_(£.)B_(f)) + Ly,

Ta2pl 1o 20 w2
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(4.25)
0
Ty (£1.5))
Tyl 0t,) (4.26)

[Cl(fl)-Bl(fl)][Cl(fz)-Bl(fz)]

(4.27)




where the subscript p denotes the average of all possible permutations

~

of the arguments fl' fz, and f3.

L is replaced by L

k2 k3’

I351%,0%, 22
B w1356,

(£, ,£.)) is identical to I, except

The third-order transfer functions are given by

17E50E3)

where:

Fagtiyety

(£, ,f ,f3) = 2L

[B, (£,)B_(£f

1201wl

= [v(jam (£, +£4£,))]

2

toie i

1

F ot}

23{EyeEy0Ey

>

133(f1.f2,f3)

e —

(4.28)

2rE3) 1, + LBy (€08, (£,)B, (£)

+ 2L32{[Cl(fl)-Bl(f1)]Icz(fz.f3)-82(f2,f3)]}p

+ L42[C1(f1)-Bl(fl)](Cl(fz)-Bl(fz)][Cl(fa)—Bl(f3)]

+ 2L52{[C1(f1)-A1(f1)}Icz(fz,f3)-A2(f2,f3)]}p

+ L62({[C1(f1

)—Al(fl)]B

2

(£,.£,

& L72[C1(f1)-Al(fl)]ICI(fz)-Al(fz)][Cl(f3)—A1(f3)]

+Iﬁé[cl(fl)—Al(fl)]lcl(fz)—hl(fz)lal(f3)}p

+ L92{tC1(f1)

and 133(f1

by Ly «o& k = 1,2,3, . .

—Al(fl)lsl

,fz,fa) is identical to I

o 19,

(£.)B_(£)} (4.29)

23

2 nlie3d p

(fl,fz,f3) except that Lkz is replaced

4.3 Numerical Experimentation Including Other Nonlinearities

The transistor amplifier used in the experimentation of Chapters

60
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II and III is further studied with other nonlinearities included. 1In
addition to the parameters given in Chapter II, the following parameters

have been assumed:

VCB = 10 n=2 a = 0.38
VCBO = 350 hFE =522 IC = 0,12
max
= = (

A 0.633 I = 0.12 cyx0
max

C.=17FpF e

c Lo

The third-order intermodulation of the amplifier with this
transistor is then analyzed along the border of the frequency parallelo-
gram of Figure 3.4 for the case in which only r, nonlinearity is included
and for the case when %y (v3 - v2) and g(v2 ' Vg- Vl) are also included.
The results are tabulated in Tables 4.1 and 4.2. It is seen that the
difference in neglecting both yc(v3 - vz) and g(vz, Wais vl) nonlinearities
varies from approximately 5 dB to 17 dB along the border.

When the compensating networks are applied to the amplifier and
when other nonlinearities of the transistor are included, it was found
that generally a different set of element values are required for the
compensating networks to achieve the optimum effect. It is also noted
that the amount of reduction achieved by each compensating network is
diminished by roughly the same amount as the difference between the
uncompensated third-order intermodulations tabulated in Tables 4.1 and
4.2. In other words, with the proposed compensating scheme, the third-
order intermodulation can be reduced to approximately the same absolute
level whether we consider the transistor to have re nonlinearity only or

when we include YC(V3- VQ and g(V2,V3 - Vl) nonlinearities as well,
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THIRD-ORDER TRANSFER FUNCTION WITH k(vz) NONLINEARITY ONLY

Point

0N~ NN D WO

4?2

f

48 . £25
48 . R7S
48. 750
29,000
49.125
49.000
49.250
43.125
94375
49 . 250
49.500
49,375
494625
49.500
49.750
49 . 625
49.875
49.750
50.000
49.875
S0.125
50.000
50.250
S0.125
S0.375
S0.250
50.500
50375
S0.625
S0.500
50.750
50.625
50.875
S0«750
S1.000
50875
51125
S1.000
5S1.250
51125
51.375

Table 4.1

fz f3
(MHz)
48. 625 =47.50
48.875 =-47.50
480750 ‘47075
49.000 -47.75
ﬂ80875 ’48-00
49.125 =-48.00
AQ-OOO ‘48-25
49.250 -48.25
49.125 -48.50
49.375 -48.50
49.250 =-48.75
49.500 -48.75
490375 -49.00
49.62S5 =19.00
49.500 ‘49-25
49.750 =~49.25
49-625 -49-50
49.875 <~49.50
49.750 =~49.75
50000 =~49.75
49.875 <~50.00
50-]25 '50-00
$50.000 ~-50.25
500250 -50.25
$0.125 -50.50
50375 =50.50
50-250 '50-75
500500 ‘50'75
50375 =51.00
S0+ 625 -51.00
50500 =51.25
S0+750 =51.25
S0+625 =51.50
S0+87S =51.50
50750 =S5S1+7S
514000 =51.75
5S0.875 -52.00
51.125 -52.00
S1.000 =52.25
51.250 =-52.25
51.125 =52.50
514375 =52.50
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E A, HE |C3(f1,f2,f3)[

49.75
50.25
49.75
S0.25
49.75
S50.25
49 .75
50.25
49 .75
50.2°%
49.75
S0.2S
49.175
50.295
49.75
S0.25%
49.75
50.25%
49.79
50.25
4975
S0.29%5
49.75
S0.295
49 .75
S0.2S
4975
50«25
49.75
S0.25
49.75
S0.25
4975
50.25
49.75
S0.25
49.75
S0.25
49.75
50.25
49.75
50.25

« 0540039
« 0450855
« 0451635
«0373721
«0372144
. 0306464
« 03021171
« 0249244
« 0242135
« 0201911
«0192247
«0164035
«0152528
«0135028
«0122907
«0114398
+0103343
«0102091
« 0093823
« 0098627
« 009 4042
«0104638
«0103129
«0120072
«0119959
. 0144008
« 0143596
«0175213
«0173376
«0212428
« 0208 759
« 0254517
« 0249203
« 0300476
« 0294125
« 0349 429
« 0342902
« 0400632
« 0394890
« 0453462
« 0449 455
« 0507400




Table 4.2

THIRD-ORDER TRANSFER FUNCTION WITH k(vz), Yc(v3-v2

AND g(vz, v3-vl) NONLINEARITIES

Point £ £, £ £ 4, |C3(fl,f2,f3)|
(MHz)
1 48+ 625 48. 625 -47.50 49.75 « 0075294
2 48.875 4B.875 -47.50 S50.25 0072248
3 48%.750 48.750 =47.75 49.75 .0070008
4 49.000 49.000 =47.75 50.25 +0071659
S 48.875 48.875 -48.00 49.75 .0067372
6 49.125 49.125 -48.00 50.25 .0071531
7 49.000 49.000 =-48.25 49.75 +0065613
8 49.250 49.250 -48.25 S0.25 .0070711
9 49.125 49.125 -48,50 49.75 .0063676
10 49.375 49.375 -48.50 S50.25 .0068776

—
-

49.250 49.250 -48.7S5 49.75 «0061216

12 49. 500 49 . 500 -48.75 S0.25 « 0065823
13 49.37S 49.375 -49.00 49475 . 0058433
14 49.625 49.625 =49.00 50.25 «0062308
15 49.500 49.500 =~49.25 49475 «00558173
16 49.750 49.750 =49.25 50.25 «0058919
17 49. 625 49.625 -49.50 49.75 « 0054225
18 49.875 49.875 +~49.50 S0.25 « 0056435 1
19 49.750 49.750 =49.75 49.75 « 0054045
20 S50.000 50.000 =49.75 $0.25 «0055507
21 49.875 49.875 =50.00 49.75 « 0055503
22 50.125 50.125 =50.00 50.25 0056412
23 50.000 S50.000 =50.25 49.75 0058313
24 S50.250 50250 =50.25 S0.25 . 0058953
2% 50.125 S0.125 =50.5S0 49.75 .0061893
26 506375 506375 =50.50 50.25 .0062590
27 50.250 S0.250 -=50.75 49.75 +0065609
28 50.500 50.500 =S0.75 50.25 + 0066698
29 S0.375 50.375 =51.00 49.75 « 0068937
30 S50.625 S0.625 =51.00 S0.25 0070752
31 50.500 50.500 =S5i.25 49.75 «0071539 |
32 50.750 504750 =51.25 50.25 .0074411 |
33 S0.625 50.625 =51.50 49.75 0073285
34 50875 S50+4875 =51.50 50.25 0077544
35 S50+750 50750 =S1.75 49.75 . 0074264
36 51000 514000 =51.75 50.25 «0080222
37 50.875 S50.875 =-52.00 49.75 « 0074795
38 51125 S1.125 =52.00 50.25 « 0082715
39 S51.000 S1.000 =-52.25 49.75 « 0075435
40 S1.250 51.250 =~52.25 50.25 « 0085468
41 51125 51.125 =52.50 49.7% «0076953
42 51375 $1.375% -52.50 S50.25 « 0089056
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(1)

(2)

(3)

(4)

(5)

This

(a)

(b)

been employed.

CHAPTER V

COMPUTATION OF COMPENSATING NETWORK PARAMETERS

5.1 Introduction

In the course of this study, several computation techniques have

Choose a compensation network function

a priori.

Derive the cost function in terms of the
amplifier circuit parameters and the com-
pensation network function parameters.
Establish a criterion by which the cost
function is to be minimized.

Employ the modified Fletcher-Power method
to minimize the cost function.

Synthesize the compensating network.

strategy turned out to have several drawbacks:

It is generally difficult to know the
proper choice of a starting point which
is very vital to the success of the
optimization program.

It is necessary to derive the derivative
of the cost function with respect to the
compensation network parameter. This
step usually requires a great deal of

human time and the expressions have to

64

Initially, we relied heavily on the following strategy:




be completely altered when a network is

modified or replaced.

As our numerical experimentation progressed, it became more
clear that once we know a good start point the problem is practically
solved because the improvement achieved after the proper starting point
has been found is usually very minor. Hence, our later strategy really
concentrated on the search for a good starting point. The improvement
thereafter is achieved mainly by a systematic search routine.

This last strategy is adopted partly because our experience
showed that with this particular compensation technique, the complexity
of the caompensating network buys us very little, if any, improvement in
intermodulation reduction. Hence, it is most expedient to use the
simplest compensating network possible.

In the context of this background information, the following
sections describe the most practical computational strategy for deter-

mining the best passive compensating network.

Se2 Calculation of Third-Order Intermodulation
The heart of the computational effort is the basic third-order
transfer function analysis routine for a given amplifier. The main

program is shown below.

SROGRAM INTANA(INFUT,OUTPUT TAPES=INPUT,,TAPEG=OUTFUT)

REAL K1,.KcyK34IC,ICMyIZ,IGC

COMPLEX IA1,IB8i,IC1,IA2,IB2,IC24IA3,1I83,IC3

COMOLEX VAFL,VAF2,VAF2,VRF1,VB3F2,VBF3,VCF1,VCF2,VCF?

COMPLEX VCAF1,VCAF2,VCAFZ,VCRF1,VC3F2,VCBF3

COMPL=X VAF12,VAF12,VAFZIZWWBFL24VEFL13,VBF23yVCFL24VCF13,VCF22
COMPLZX VCAF1LZsVCAF134,VCAF23,VCBF12,VCBFL13,VCRF23

COMPLZX VAF1234VRF122,VCFi23

COMMON TI19FleF24FT4REGFGeGXeGY
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o ————————

777

20

REAO IN ANY NUMBER OF SETS OF FREGUINCY COMBINATICNS

IIL=2

READ(S+*) FLsF2,4F2
IF(Z0F(5)) 77,20
IT1=IT1+1

ASSIGN TRNSISTOR ANDO CIRCUIT PARAMEZTERS

VG=1.0
RG=75.0
CLE=0.43429L482¢022
VCB=1(.J
N=2
VCB3=350.C
HFEM=122,C
IC=0.12
ICM=0.533
IE=Jd.12
RE=].2165

START CQOMPUTATICN OF INTERMEDIATE PARAMETERS

PAI=3.144592654

CLE=0.+342944825032

Ki=1./RE

K2=14/(2 ., *IC*REX%Q)

K3Z1e/(F *IC**¥2%pT8%2)

GAM2C==0¢143420853=12

GAM3C=2.,30432cE=14

HFE=HFZM/ (L+A*(ALOGLO(IC/ICM)**¥2))

IGC=CM*HFE*®IE/ (1 +HFE)

3i=1+HFSM+A*(ALOGLI(IGC/ICM)**2) +2*A*CLEZ*ALOGL2(IGC/ICM)
32=A*CLE/IGC*(ALOGAC (IGC/ICM) +CLE)
3Zz=A*CLZ/(3*IGC**2)*ALCG10(IGC/ICM)
CM0=1/(1=(VC3/VCRO)**N)

CML=N*VC3** (N=1)*CMOI*CMC/ (VCBO**N)

CM2=CML1*CM1/CMO+0.5* (N=1)*CM1/VCR
CM3=2%CM2/3*(Z2*CM1/CMO+(N=1)*0,5/VCB)~CML1/3*((CML/CMD)**>2
1+(N=4)/2/7vCB/VCB)

O1=-HFEM/N1

Di=-01

D2==02*HFEM*HFEM/ (B1**3)
D3=HFEM**3%((B1*B2=2%82%87) /{(B1**+5))

03=-03

GX=01*CMO*K1

GY=0.l*IE*CML

£12= =K2 + D1*CMO*K2 + D2*CMO*»2%Ki%%2

222= =K3 4D1*CMO*¥K3 ¢ 2%Dc*CMO**2%KLi*K2 +03I*CMI**3IvK *%]
£52= DL1*IE®CM2 + C2%IE*¥Z¥CM1%*%2

£62= D1*CM1i%*K1 + Z*D2*IE*CMU*CMi*xi

£72= DL*IE*CM3 +2*D2*IE**2%(CML*CM2 +D3I*IE**3I*CM1**3
£82= DL*CM2%*K1 +2*D2*IE*CMO*Ki*CM2 +2*D2*IE*CMi**2*K1
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E92= DLeCM1I*K2 $2¥D2%TIEXCMIACM2MK2 +2%D2%CHOPKI**ZACML

€ ANALYSIS OF FIRST=-0ORCER CIRCUIT
IAL=CMPLX(VG/~Gy 0.0)
IBL=CMPLX(U.0s 0.0
ICL=CMPLX(Ceds 0.7)
F=F1
CALL GFIFVR(F,IR1.,IB1,IC!,VAF1,VEFL,VCF1)
F=F2
CALL GFIFVB(F.IA1,IB1,ICL,VAFC,VBF2Z,VCF2)
F=F3
CALL GFIFVB(F.IA1,IB1,IC1,VAF3,VEF3I,VCF3)

€ ANALYSIS CF SECCANC OSCEF CIXCUIT
VCBFL=VCFL1=-YRFL
VCBFZ2=VCFc=VY3F2
VCBF3=VCF2=-Y3F3
VCAF1=VCFi~VAFL
VCAF2=VCFZ=YAF2
VCAF3=VCFI=VAF3
F=F1+F2
232= CMPLX(L.04s2*FAI*F)*GAM2C
IA2=CMPLX(C.3s G.0)
IB2=C12*VY3FL*V3F2 ¢ =I2*V(CBFL1*VCBF2 + E52*%VCAF1*VCAF?2
1 + TH2%(VCAFL1*VBF2+VCAF2*VvBF1)/2
IC2=-I82 = K2*VB8Fi*Va9FZ
CALL GFIFVB(F,IAC,IB2,IC2,VAF12,VPFLi2,VCF12)
F=F1+4F3
=32= CMPLX(J.Cs2*PAI*F)*GAM2C
C=Zi2*VYBFL*VIF? ¢ ZZ2*yCBFL*VCBF3 + =52%VCAF1*VCAF3
i + Z62*%(VCAF1*VYBFI+VCAF3I*VBF1) /2
IC2==132 - K2*VYBFLi*VRFZ
CALL GFIFVB(F IA2,IB2+IC2WVAFLZGVEFL3,WCFLD)
F=F2+F3
£32= CMPLX(J.0,2%FAI%F)*GaM2C
I32=Z42*%YBF2*YDBF3I + CSTI2¥YCARF2*YCBF3S + E52*%VCAF2*VYCAFZ
4 +Z02* (VCAFZ*VY3F2Z+VCAF3*VRF2) /2
IC2=-1IB2 = K2*VBF2*VEF3
CALL GFIFVB(F,IA2,IB24IC2,VAF23,VRF23,VCF23)

[ A

(7 ANALYSIS OF THIRD~OROER CIRCUIT
FSFL+4F2+F3
£32= CMPLX(0.0,2%PAI*F)*GAM2C
242 CMPLX(Us042*FATI*F) *GAMSC
VCBF12=VCF12-VBFi2
VCBF13=VCFi2Z-V3F13
VCBF23=VCF23=-VBF2?
VCAF12=VCF12=-VAF12
VCAF23=VCFZ3=-VAFc3
VCAF13=VCFi13=-VAF12
IA3=CH°LX(J-U~ f.U)
IB3=2*EZ12*(V3F1*VBF2I+VRFZ*VBF12+VBFI*yBF12) /7

L +E20%VBFL*VBF2*VAF2 !

1 #2%E12%(VC3FL*VCBF23+VCOF2*VCRFL I+VCBF3*VCBF12) /3 |

1 +Z42%VCIFL*VCEFZ*VCEF 2 ‘
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best av

+2%ESC*(VCAF1*VCAF2I4VCAFCMVCAFL 3+VCAF3*VCAFL12) 773
+.62*% (VCAFL¥VRFZI4VCAF2*VAF12+VCAFI*VBF12)/3
+C62* [VCAFL12*V3F2+VCAFLI*VOFZ+VCAFR23%VRF1) /3
+Z72*VCAFL*VCAFC#VCAFZ ;
+Z82% (VCAFL¥VCAFR2YYRFI+VCAF2¥VCAF3*VBF i+ VCAFL1*VCAFI*VYPF2) /2
+E92% (VCAFL*VOF2*VAF2+VCAF2*VIFL*¥VBF2+VCAF2*VEFL1*VRF2) /3
IC3==I82=-C2,*KC*¥(VFY *VEFcI+VRF2*VRFL 3+VAF3*VRF12) /3
;. =K3*VBFL*VDFZ¥V2F2
CALL GFIFVB(F,IAZ,IB2,IC?,VAF122,V3F123,VCFL23)

[ S S S

C VCF123 IS THE THIFD=CRCIR TRANSFER FUNCTICN
GO0 YO 777
77 STOP
END
SUBROUTINL GFIFVRI(F,IA,IB,ICsVA,VI,4VC}
c THIS SURROUTINZ FINDS THE NCCT VCLTAGZS AT THE FREQUINCY F
c WHEN THZ SOURCEC CURRENYS TA, Ifl, ICy AND THE Y MATRIX ARE GIVEW

DIMEZNSIGCN JUC (k)

REAL LLsLE

COMPLLX I1A4,I8,IC,VA,VE,VC

COMPLEX YGAMICoYGXaYGY YL ,Y23YRAZYRC,yYRE yYRL W YCLaYC24YC3,YCLyYLL,YL
COMPLEX Y (244)

COMMON I11,FL,F2eF33R04FGaGXsGY

€ ASSIGN ACOITIGNAL TRANSISTOR AND CYSCUIT VALUES

Ci=6.02=-22

Ce=1.55-9

C7=9,2E-12

RA=.3,6

RC=5200.

GAMLC=7.0Z-32

CL=1.183757=~9

LL=8.5261582~9

RL=75.0

Cc START CALCULATICN OF ACHMITTANCES

W=240%3.141590065LYF
YGAMLICICHMFLX (0 ey W¥GAMLC)
YGXICMPLX (GX 9D
YGYSCHMPLX(GY ¢ W)
YREGECHILX(1.0/%6Gs 0.0)
Y1=CM2LX((sly UasT)
Y3=CMPLX(Ledsba0)
YER=CPPLA(L.0/%2y 0409
YXC=CHPLX (L0720, CoC)
YPLZCP‘DLX(l.Q/:?:") 0.0)
YOLECMILX (1a0/2Ly 040)
YC1=CHPLX(uely W®CL)
YC2=CMOLYX (uets W¥C2)
YC3=CHALX(lsdy W*(3)
YCL=CMPLX(L.0,y W*CL)
YLLECHOLX (a0 =3.07CW*LLY)
YL=YRLEYCL4YLL
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c ASSIGN VALU=3 TO NODAL ADMITTANCE MATRIK

Y(Le2)SYRG+Y _+YCL1+YRB+Y2+Y(CT
Y(is¢)==-YRR
Y(143)==Y3=-YC3
Y(l99)=IA
Y(2yeL)==YR3I+YGY
Y(2ec)SYRB+YRI+YC2+YRC+YGAMLIC-YGX
Y(243)==YRC =YGAMIC=-YGY
i Y(2y,4)=IR
' Y(34.)==Y3-YC3=YGY
| Y(3+42)==YRC=-YGAMIC+YGX
| Y(3,3)=Y3+YC3+YRC+YRL+YL+YGAMIC+YGY
i Y(3,4)=1IC

c CALL SUBROUTINE TC SOLVE MATRIX cNUATION

V=(7001 U.G)
CALL CGUR(Y 9292303969 JCeV)sRETURNS(ww)

C THE THREE NUOEZ VOLTAGES AFRE

VASY (1e4)
VA=Y (<lys)
VC=Y (3,*)

GO TO 77
b CONT INUZ
ARITZ(b+15) F sJC (1)
i5 FORMAT(/4XsF 1042 94X90HJC(1) S9I1444X9234BA0 MATRIX)
STOP
744 RETURN
cNO

The relationships used in this program are those included in
Chapter IV. For the analysis of the transfer functions when r, non-
linearity only is considered, such as was done in Chapters II and III,
we only need to set certain parameters to zero. b

Subroutine CGJR is a library program which is used to solve a

set of linear simultaneous equations using Gauss-Jordan reduction
method. The print-out and a description of this subroutine is included
in Appendix A.

Most of the variables used in the Fortran program use the same
combination of alphanumeric characters used in Chapter IV. Those that

are different are listed below:
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CLF= log ¢

GAMIC:Ylc
Eamacs Y2¢
GAMQC= Y3:
Cma= m
Cvi= m,
CMo= m,
Cv3= my
E12= le
F20= L22
ERo= L32
Fao= L['2
B e
F£O= L62
£72= L72
FRP= L82
£92= L92

VAF1= A (f))
VBF1=3B, (f))
VAF12= A, (f),f))
VBF23= B (f,,f,)

VCF123s € (f,f,,f,)

3

543 Interactive Mode Search for Values of Yl and Y3 at One

Frequency Combination

To search for the appropriate compensating networks, it is found
most efficient to first find the best values for Yl hi’ Yl 10’ ¥3 hi’ and

Y3 1o for the frequency combination corresponding to the center of the
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region occupied by the bandwidths of the two interferring signals.

The third-order transfer function is first calculated using the progam
listed in Section 5.2 at this center frequency. The magnitude of this
transfer function is entered as H30 in this new program. The variables
Q(1),Q¢(2), . . . ,Q(8) are the real and imagninary parts of the four
admittances mentioned above. The program is a modification of the
Analysis Program listed on page 65 and only new key statements are

listed below.

S E s LN

& ASSIGH SIGHal FREqQUENGLES

c GIVE VALYE OF THIRD~ORDER TRPAMSFER EWUMCTLON WITHOUT Y1 ANB ¥3
4313=
c *SSTenN ENLIYEAL VALUES EQR FHz YARTASGLES

PO RS IS IS IS [ IV [V |
e e e e e
- e o - " o o~ -
L | { I L S T S 1 T A 1

S NI T FE oy

8377 CONTINUZ
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CALL GF[FV%(F'IAS'IBE'ICB’VAFlZS'V3:123'VCF123)
GOA4PUTZ AND 2RINT FIDUCTICN IN THIRD-ORNER TRAMSFZR FUNCTION

Y43=502TI{R=AL(VCF123)**2+AIMAG(VCF1¢23)*%2)
N3=2,,3*AL0GLE (H3/HII)
WRITE(H,*) (0(JJ)4JJ=1+8),03

ENTIR NeEW VALUSZ OF G(JY)
PEAL(S %) NJLQV

QNI =QVY

GO TO 8377

STGP

END

SU3RJIUTINE GFIFYR(Fy,IA,I3,IC,VA,VE,3C)

Y G-‘-CMPLX(:':/OGOSCC)

A

ASSIGN VARIASLE VALUES TO Y1 AND Y3

IF(ARS(J)nGrnCc3EEoANDQABS(H)cLToiaER) Gﬁ T0 119
IF(ARS(4) LT wGe3JERY 5O TO 147

REAL ANJ IMAGINARY PAXTS CF Y1 AND Y3 AT HIGH FFEQUENCY
YiR=0(1)

Y1I=7(2)

Y2=5(3)

Y2II=u(4)

& e Li8

REAL AND IMAGINARY PARTS GF YL aND Y2 AT LOW FRIQUENCV
Yi=0(5)

Y1I=Q(s)

Y3IR=0(7)

Y3I=018)

CONTINUE
Y1=CMPLX(YL1RkaY1T)
Y3=CMPLX(Y3R,Y3I)
609 TO 120
Y1=CM3LX(2aCy(C W T)
YZ=CMPLX(Galwlol)
CONTINUC

Y3=CPLX (1407274046}

72




Q°sS: .GSSJ PelTTE ()

A set of initial values are assigned in the main program. Then these
values can be changed one at a time. After each change, the reduction
(in dB) and the values of all eight variables are printed out. The
variation of this reduction is observed as the Q's are being varied.
By judiciously adjusting the values of Q's, the reduction is gradually

increased. A section of the print-out of a sequence of such interactive

steps is shown below.

NZW Q(1)= 0.053

: L0530 7.777¢ «003C «58C3 «1735 . 0054 .013¢2 .0d0¢

RZOUCTION IS 25.3% DB

NZwW Q(3)= 0.0012

[g=]

«1735 WUC5L «0862 «CACC

s
(TS
.
o
(8-
m
[N

RECUCTION IS 25.78 OB

5.4 Autcmatic Research for Values of Yl aﬁd Y3 At One Frequency
Combination
Once the interactive mode of search has rendered a set of values
of Yl and Y3, that gives a reasonably good reduction in third-order
transfer function, these values are best readjusted by an automatic
search scheme to further increase the reduction. Although several
automatic search schemes, such as the Rosenbruck's technique, have
been tried, it was finally decided to simply perturb the variables by
certain amounts and the reduction computed for each combination of the
perturbed variables values. As each reduction is computed, the new set

of variable values and reduction is printed out only if the reduction is

higher than the highest reduction obtained previously. Thus, after each
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perturbation, only the best result is kept. The process is then

repeated using the best result as the new starting point. The process
is considered complete either when the reduction is extremely high or
when the smallest purturbation does not alter the reduction.

The algorithm used is shown below. It is again the same program
r listed on page 65 with some modifications. Again, only key statements

are listed here.

c ASSIGN SIGNAL FRERUENCIES
Fi=
F2=F1
Fi=
c ASSIGN TRANSISTOR AND CIRCUIT PARAMETERS
V6=1.0
L]
£G2=0L*NM1%¥K2 +2*C2+4IE*CMO*CM2%K2 +2%D2%CMJI*KZ**2*CM1
c GIVE VALUZ OF THISN-CRCER TRANSFER FUNCTION WITHOUT Y1 AND Y?
H3G=
c READ INITIAL VARIABLE VALUES

READ(5,4*) 1,02+034N4+05,06+Q7,08

c SET INITIAL REDUCTION REFERENCE IN DS
cPSI==10.0
c READ IN THE NUMEER OF FERTURBATIONS OF EACH VARIAELE
84 READ(54%) NM
c READ IN THE INCREMENT OF PERTUREBATION IN PERCENT

READ(54*) PO
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COMPUTZ AND SZIT LCCPS FOR VARIAELE VALUZ CHANGES

KK=(NM+1) /2
DCJ =L004‘p0/10000

DO 7601 Ji=isNM

QL) =(QL/7(PRIU**KK) ) * (FCI**JL)
JO 7001 JZ=14NM

A(2Y=(Q2/7 (PAI**KKI ) * (FCI**J2)
00 7004 J3=1,NM

Q(3) =(Q3/7 (PQJU**KK) ) * (PQJI**J2)
00 7001 J&=1,NM

QML) =(Q4 /7 (PQUI**KK) ) * (FCJI**JL)
DO 7001 JUS5=L,NM
Q(SI=(QS5/7(PUI**KK) ) *(PCI**JS)
00 7GG1 JB=1,NM

QA(B)=(Q6/ (PNJ**KK})* (FCU**JB)
00 7001 J7=1.NM

A7) =(Q7 /7 (PQAJI**KK) I * (PRY**J7)
DO 700L JUB=1,NM

F(8Y=(AR/ (PAIJ**KK) ) *(FLI**J2)

FIRST=-0RCER CIRCUIT

L]
SECOND ORCER CIRCUIT
THIRD=-0RCER CIRCUIT

CALL GFIFVS(F,IA3,I32,IC3,VAF123,VBF123,VCF1223)
COMPUTEZ RZCUCTICN IN THIFO=-GCR3ZR TRANSFZR FUNCTION

HZ=SQRT(REAL(VCFi23)**2+AIMAG(VCF122)**2)
0B8=20.0%ALOGLC(H3/H3D)

I7 08 INCSEASES, SRINT NEW Q°*S ANC NEW DR

IF(DJ9.LT.EPSI) GO TO 7004
ZPSI=SAML
WRITE(By*) (QUJIJI) yJJI=1,8),08

STORZ NcW Q'S TEMEORCFRARILY

q11=0(1)
N22=0(2)
233=Q9(3)
Quse=Q(H)
A55=Q(5)
166=11(6)
Q77=Q(7)
238=01(3)
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7001 CONTINUE

TO TIRMINATZ PROGRAM, KEY IN 13 CTHERWISE ANY OTHER INTZGER

READ(5,*) KEN
IF(KEN.Zl+1) GO TGO 948

USE NEW Q°S TO REFEAT THE PERTURBATION
Qi=911
Q2=922
Q3=133
24=Q44
2A5=255
@5=066
Q7=Q77
28=Nn83
GO TO 83
CONTINUZ

STOP
ZND

SUBROUTINE GFIFVB (FyIA,IBWIC,VA,VE,VC)

5.5 Automatic Search for Maximum Reduction Over a Region of Frequency
Combinations

Once the best values for Y , for the

12" Tamt %3 10 Ta
center of a region has been obtained, a search for network parameters to
maximize the reduction of third-order intermodulation over a region of
combinations of frequencies can be made. Based on the findings of

Chapters III and IV, it is best to assume as simple a passive network as
possible. The simplest network is obviously either an RC or an RL parallel
combination depending on whether the imaginary of the admittance is

negative or positive. The addmittances of these assumed circuits are

then inserted into the search program.
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In addition to replacing the fixed admittance values by those of
simple circuits, the search must be carried out over the entire region,
Again, based on the findings of previous chapters, as long as the
frequency region is a polygon (typically, a rectangle or a parallelogram),
only points at the vertexes need be included in the search. Hence, the
only other modification required is to include another loop so that a
number of frequency points is included in the search instead of a single
point.

Although the search can be done in either the interactive mode
or the perturbation mode, in most cases, the former is not necessary if
a search for the center point has already been conducted. A print-out

of key steps of this program is listed below.

JIMINSIAN FL(&)e F3(u)y HID(L)y DOS(&)

OF IPT~0FRDER TRANSFIR FUWCTION WITHAUT YL AMD YT
A
JATA H33/52%¢ly B2wele E73e=9 95544987

ASSIGN SIGNAL FRECUENCISS AT THS VYESTIXES

FL(l)=3.4999
Fi(2)=39.5001
F2(i)==3,9999
F2(3)==3,00J1
FLESYSFL(Z)
File)=F1(2)
Pas e = B s ()
FIl(s)=F3I(3)
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ASSIGN TRANSISTOR ANC CIFCUIT

VG=.el

L]
L]
SIESCL*CHLI*K2 +2%02¥IEYCMOTCM2%K?2 +2¥02¥CH *Ke**2%CM]

READ INITIAL VARIASLZ VALUES

RIADI(24%) Qi,s02+5Q34Q4+75+,06.07,08

SET INITIAL REJQUCTION REFZRZIN

l

Jed

ZPSI=-

[
(8

RZIAD IN THZ NUMBER OF FEFTU=SEATICNS OF cACH VARIABL~T

RIAD(5,4,4) NM

READ IN ThE IMCREMENT 0F PERTURBATION IN

READ(5,*) P1

COMFUTZ AND ScT LCOPS FOR VARIARLE

KK=(NM+1) /c
2QJ =1.0+PQ/LC23GWL

B0 Ticl Ji=LsNM
N(L) = (a7 (PAJ**KK) ) * (EGI**J1)
JO 700l J2=LeMM
QE2)=(QZ/(PIJI**KK) )Y * (FOU**J2)
g 7dia JI=LsNM
GL3) =372 UI**KXKII* (FRI**J2)
0g 7Taud Ja=1 NM™
Q) = (N7 (PUJ*¥¥KK) VX (FOLI¥*JL)
20 7oli JS=_,MNM

QE5)=(NS5/(PRI**KKII* (FRUI**JS)
30 7001 JB=L.NM
Q6 =(Qo/ (PQU**KK) ) * (PRI**JF)
00 7401 JT7=L4NM
QE7)=(QA7 /7 (PAI**KKI VX (FOI**JT7)
00 73ul  JS=1,4NM
Q(8)Y=(23/7(PUJY**KK))I* (FCJ**JB)

SET LOJ3F FOR CIMBUTING RFDUCTION AT FOUR VERTZIXES

0d 7;:2 ™
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()
7R
(S

CALL GFIFVB(F«IAZsIRTHWICIVAFL23I4V3FL22,VCF

COMFUTE

REDJCTICN THIRO=0ROIR FUNCTION

HI=SAXT (REAL(VCF3E3) **2+ATHAG (VEF222)%*2)
JR(NN) =22 40%AL0GLO(HI/HTIC INNY)

CONT

a
i

—
{&sg
i

il

M

1

-
i

NIMUM INCRSASES, Q'3 AN NzZW DB

O3MIN=ZAMINI(O3(2).D2(2)4NBLZ) DR (L))
IF(IBMINGLT,.ZIPSD)
SESTE=98MIN
H=IT=Z(5,%)

STORS

311=9(2)
322=19(2)
d33=3(3)
Ae5=7 (%)
955=0(5)
256=0(3)
Q77=2(7)
qJ88=7(3)

CONTINUZ

(Q(JJ) o JJI=L45) D7

NEW Q°*s TZMSJgROFARILY

TO TZRMINATZ

READIS,*)

CTHZ22AISE ANY JQTHER INTZICIrk

IF(KENZVL)

GO TC 98

USE NZW d°S 1O

1a=94.

c=led
A3=T3e
QL= 9k

RECEAT THE O:RTURSATION
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149

120

I5=2055
Je=16k
AT=A7T
Q’8=13b

GO T3 93

CONT INUEZ

STCP
IND

SUBRQUTINZ GFIFVBI(F4IAIS«IC,VAWYE,2C)

YEG=CMALX (2.3/3G«Te3)
COM=UTE ¥i AtlY Y FROM VMAFIAELES GIVEN

IF(ABS(W) eGT el e CEReANCLABS(W) «LTe1e53) GO TO 119
IF(ASS(W) LTeLe30=Z3) GC TO 2147

RTAL ELNJ IMAGINAFY PAFTS CF Y1 ANC Y3 AT HIGH FRENUENCY
YR=2(1)

Y1I==N(2)/W

YIR=Q(3)

YII==0N(L) /W

GO Ta 119

2LAL AND IMAGIMARY PARTS CF Y1 ANC Y3 AT LOW FRZQUERNCY
YLiz=7(5)

viIz==N(5) /4

Y3IR=0(7)

YII==0(2)/H

CONTINUCZ

YLSCMPLX(Y12,Yi1)

YI=CMPLX(YZReYST)

50 9 129

Y1=CMPLX (L «Jdyuel?

YZISCMPLX (Lol yCed)

CONTINUC

YR3=CMPLX(1s3/R34740)

.
.
.
.
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CHAPTER VI

SUMMARY

This report summarizes the second phase of a study which makes
use of passive compensating networks to reduce in-band nonlinear effects
in electronic systems by altering the out-of-band linear responses of
the system. This phase of the study emphasizes the reduction of third-
crder intermodulation when the interfering signals fall within certain
bands of frequencies. The method used is primarily a numerical
experimentation.

Several important conclusions have been reached as a result of
this study. One observation is that the complexity of the compensating
networks usually has little to do with the intermodulation reduction.
Since more complicated networks are obviously more costly, the compen-
sating networks used in this scheme should be as simple as possible.
Since both the real part and the imaginary part play a role in the reduc-
tion, the simplest network would be an RC or an RL branch.

Based on the results obtained by this study, there is definitely
a trade-off between the amount of reduction and the bandwidths of the
signals. It appears that this technique is most suitable for narrow-to-
medium band applications. A typical situation in which this method would
be effective is when the second-order frequency affected has a 25 percent
bandwidth.

A step-by-step description of the algorithm used in this study is
presented in this report. The computational strategy recommended for
finding the compensating network parameters is also given.

Several aspects that warrant further study are:
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(1) The design of the isolation parts (the lowpass and the
highpass) of the compensating network. For narrow-band situations, a
simple tank circuit or a blocking capacitor will be adequate. However,
for medium-band situations the design of these network is apparently
a non-trivial problem. It appears that this is an area worthy of further
investigation. The solution of this problem is not only useful here,
it also has numerous general applications.

(2) The sensitivity and techniques of tuning the compensating
networks should be studied.

(3) It would be highly desirable that the technique described
in this report as applied to a practical amplicfier be verified in the
laboratory by direct measurement. This experimental work will not only
support the usefulness of this new technique, but also give a good

indication of practical difficulties that might require further study.
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or inverts a matrix or any combination of the three above by using Gauss-

APPENDIX A

DESCRIPTION OF SUBROUTINE CGJR

This subroutine solvessimultaneous equations, computes a determinant,

Jordan elimination technique with column pivoting,

Program Listing

30

35

4J

50
60

SUBROUTINE CGJUR(AyNCsNRyNyMCsJCyV),

LRITURNS (M1)

DIMENSION JC(NC)
COMPLEZX CLOGsVeXCeA(NRyNC)

coMPLEX Z

IW=Vv

V=(JdeyDe)

I8IT=u

M=1

LEN+ (MC=N)*(IW/«)

KD=2=MOD(1W/2,2)

KI=2=MOO(IWs2)

GO TO (5,200 4KI

DO L0 I=i,N

JC(I)=I

J0 31 I=1,N

GO TO (22,42.),4KI

M=I

IF (I.EQeN) GO TO &0
X==1.

00 30 J=I,sN

ANORIM=ABS (RZAL(A(JSI)))+ABS(AIMAG(A(J,LI)))
IF(XeGT.ANORM) GO TO 30
X=ANORM

K=J

CONT INUZ

IF(KeQeI) GO TGO 60
IBIT=J8IT+1

GO TO (35,40),KI
MU=JC(I)

JC(I)=JC(K)

JC(K)=MU

00 50 J=M,L

XC=A(I,J)

A(IsJd)TA(KWJ)

AlKyJ) =XC
ANORM=A8S(RZAL(A(I,I)))+ABS(AIMAG(A(I,I)))
IF(ANORM.GT+4J) GO TO 70
13(0-00.)

JClL)=1=-4

RETURN M2
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DEC 76 K L SuU F30602=-75-C=-0118
UNCLASSIFIED RADC=TR=76=369 NL
END
sons
35 855 F'LME,Q

3-24-7
NTIS




70
71

72

30

30
33

35

128
130
140

GO TO (7.+7<¢) +KD
V=V+CLOG(A(I,I))
Z=CLOG(A(ILI))
XC=A(I,I)
A(IsI)=(le9ue)

DO 3d J=M,L

A(I4J)=A(I,J)/XC
IF(LZGVAR(A(ILJ))) 150,8C,150
CONT INUE

DO 94 K=4i,yN

IF(K.cQ.1) GO TO 91

XC=A(KyI)

A(KyI)=(Ce9io)

0CG 30 J=M,L

A (K9 J) SA(KgJd)=XC*A(I,J)
IF(LEGVAR(A(KyJ))) 150+904.15C

CONTINUz

CONT INUE

GO TO (9541460) 4KI

20 130 =2oN

IF(JC(J)eZQeJ) GO TO 13C
JJSJ+1

00 2060 I=JJsN

IF(JC(I)e=QedJ) GO TO 110

CONTINUZ

JC(I)=JC(J)

DO 120 K=i,yN

XC=A(KsI)

A(KeyI)=A(KyJ)

A(KoJd)=XC

CONTINUE

JC(L)=N
VaV+(0e93.14159265)*%CMPLX(FLOAT(MOD(IBIT2)) 9us)

RETURN

JC(1)=1-I
RETURN M1
eND
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Program Description

A

NC

MC

JC

is the matrix whose inverse or determinant is to be
determined. If simultaneous equations are solved, the
last MC - N columns of the matrix are the constant vectors
of the equations to be solved. On output, if the inverse
is computed, it is stored in the first N columns of A.

If simultaneous equations are solved, the last MC - N
columns contain the solution vectors.

is the maximum number of columns of the array A.
is the maximum number of rows of the array A.
is the number of rows of the array A,

is the number of columns of the array A. This entry is a
dummy argument, if simultaneous equations are not to be
solved,

is a statement number in the calling program to which
control is returned if an overflow is detected. It must
be preceded by $ in the calling sequence,

is a one-dimensional permutation array of N elements used
for permuting the rows and columns of A if an inverse is
computed., If an inverse is not computed this argument must
have at least one cell for the error return identification.
On output, the first element of the array is N if control is
returned normally. If an overflow is detected, the first
element is the negative of the last correctly completed row
of the reduction. If matrix singularity is detected, the
entry contains the value of the last row before the singu-
larity was detected.

on input REAL (V) is the option indicator, its values are
set as follows:

REAL (V)

OPERATION 1' 2. 3. 4. 5. 6. 7.

Compute Determinant no yes yes ne no yes yes
Invert Matrix yes no yes no yes no yes

Solve Equations no no no yes yes yes yes
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MISSION
of
Rome Air Development Center

RADC plans and conducts research, exploratory and advanced
development programs in command, control, and communications
{C3) activities, and in the ¢3 areas of information sciences
and intelligence. The principal technical mission areas
are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and

compatibility.
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